Although cases of pilfering food are reported commonly in the mammal literature, the factors affecting pilfering rates among individuals and between populations within the same species remain relatively unknown. We measured individual pilfering rates in 2 populations of highly territorial larder-hoarding red squirrels (Tamiasciurus hudsonicus) in Kluane, Yukon, Canada. One population received artificial food supplementation (where all individuals had ad libitum food) and had a 2-fold higher density than the control population. We knew the age, relatedness, and spatial relationship of all individuals in each population, and we had a measure of the food resources (cones) cached by each individual and their fates through the study. Results from experimental removal of territory owners suggested that younger squirrels with smaller food caches were more likely to pilfer when provided the opportunity. However, using a mark-recapture study of marked spruce cones under natural conditions, we found that few individuals (14%) pilfered, and stolen cones represented only 0.3% of total cones that were larder-hoarded. Pilfering occurs at a much lower rate in Kluane than reported for red squirrels in other regions and is less than rates reported for scatter-hoarding species.
Food pilfering has been observed in a variety of birds and mammals (Brockmann and Barnard 1979; Dally et al. 2006; Iyengar 2001 Iyengar , 2008 Vander Wall and Jenkins 2003) . Pilfering (when one individual takes food that has been procured by another) is an exploitative behavior that occurs both inter-and intraspecifically. Among mammals pilfering is commonly reported in animals that store food for later consumption (Leaver and Daly 2001; Leaver et al. 2007; Vander Wall et al. 2006) . Food-hoarders can minimize pilferage in 2 ways; they can increase the dispersion of their food caches (scatterhoard), or they can aggressively defend their caches against intrusions (Vander Wall and Jenkins 2003) . Theory on caching behavior predicts that larder-hoarding should be observed in animals that can defend their caches from pilferage, and scatter-hoarding is predicted in animals that cannot exclude competitors from a central cache site (Andersson and Krebs 1978; Vander Wall 1990; Vander Wall and Jenkins 2003) . Several studies have attempted to estimate the occurrence of pilfering among food hoarders using artificial food caches. Losses from artificial food caches have been estimated to be between 2% and 30% per day (Vander Wall and Jenkins 2003) . The majority of these studies have focused on rodents and birds that scatter-hoard (Kraus 1983; Riceoxley 1993; Stapanian and Smith 1984; Tamura et al. 1999 ; Thompson and Thompson 1980; Vander Wall 2000) . Fewer studies have examined cache pilferage by larder-hoarders (Devenport et al. 2000; Edelman et al. 2005; Gerhardt 2005; Leaver and Daly 2001; McKechnie et al. 1994) , and only 2 have measured pilferage under natural conditions (Gerhardt 2005; McKechnie et al. 1994) . Thus, despite extensive observations of pilfering behavior and studies of artificial cache depletion, the frequency and factors that influence pilfering behavior under natural conditions remain unclear.
Red squirrels (Tamiasciurus hudsonicus) are food-hoarding rodents found throughout the coniferous forests of North America (Smith 1981; Steele 1998) . They defend nonoverlapping territories year-round, which often contain larder-hoards of coniferous cones (middens-Gurnell 1984; Smith 1981) that are conspicuous and easy to locate. Once cones are cached in the midden they are removed only by red squirrels (Gerhardt 2005; Smith 1981 ; but see Mattson and Reinhart 1997) . Seeds from coniferous cones are the primary food source of red squirrels (Smith 1981) , and these cones are quantifiable w w w . m a m m a l o g y . o r g (Fletcher et al. 2010; LaMontagne and Boutin 2007; Larivée et al. 2010) .
Because red squirrels aggressively defend their larder-hoard (Gurnell 1984; Rusch and Reeder 1978; Smith 1968) , they should experience low cache pilferage. However, previous studies of pilfering behavior in red squirrels have been equivocal. Edelman et al. (2005) studied pilfering in Mt. Graham red squirrels (T. h. grahamensis) using cone-baited stations and camera traps at middens occupied by red squirrels (n 5 9). Their results suggest that pilfering from occupied middens is rare; of all the individuals observed by midden camera traps, the mean number of visiting individuals that were nonresident red squirrels was 0.3 6 0.2 SE. In contrast, Gerhardt (2005) found that pilfering by red squirrels under natural conditions was common, with 97% of individuals (n 5 29) engaging in the behavior during the winter. Pilfering by conspecifics accounted for 25% of cache losses in the study area (Vermont). Thus, it appears that the frequency of pilfering found in a population is variable; potential factors that could affect pilfering rate include density, population age structure, and food availability.
The propensity for any individual to pilfer or to be subject to pilfering by another individual could depend on age, body condition, sex, and cache size. Younger individuals might be less effective at cache defense due to inexperience or physical limitations and thus are predicted to experience more theft. Because juvenile squirrels are both inexperienced foragers and have smaller territories (LaMontagne 2007) with potentially less food, they also are more likely to pilfer than adults. Alternatively, older or bolder individuals might be more likely to pilfer because experience allows them to minimize their costs of engaging in pilfering behavior (predation risk, losses from their own middens, and interactions with neighbors). Also, winter cache size is likely an important factor to explain variation in pilfering behavior among individuals in a population. Red squirrels require a large cache of coniferous cones to survive winter (LaMontagne 2007; Larivee et al. 2010; Smith 1968) . Pilfering can be an alternative foraging strategy for some individuals when they have relatively few cones but neighbors have large caches of stored cones nearby. Thus, higher cache pilferage might occur when individuals have smaller winter food caches than their neighbors. Finally, the density of neighboring squirrels could influence the amount of pilfering from an individual cache. An individual's food cache might be more susceptible to pilfering if it has a high density of neighboring squirrels because there are more individuals against which to defend the cache.
The purpose of this study was to measure the frequency of intraspecific cache pilferage occurring in larder-hoarding red squirrel populations, and to identify factors that affect individual variation in pilfering behavior. This study took place in Kluane, Yukon, Canada, on research areas established by the Kluane Red Squirrel Project (see Berteaux and Boutin 2000; Humphries and Boutin 2000; McAdam et al. 2007 ). We measured pilfering in 2 populations that differed in food availability and density. In one population individuals had received supplemental food (peanut butter) throughout the winter months since 2004; the control population was not manipulated. To estimate the rate of cache pilfering we used a mark-recapture study of marked spruce cones. We also used an experimental study in which we temporarily removed the midden owner to examine the potential for pilfering by individuals in this region. We expected juveniles and squirrels with smaller caches to pilfer most often and predicted higher overall rates of cache pilferage by squirrels experiencing natural seasonal food limitation compared to squirrels that were receiving experimental food additions throughout the winter months.
MATERIALS AND METHODS
Study site.-We studied pilfering behavior of red squirrels in Kluane, Yukon, Canada (61uN, 138uW) , between September 2008 and May 2009. These populations have been monitored extensively since 1987. A detailed description of the study sites and project protocols can be found elsewhere (Berteaux and Boutin 2000; Humphries and Boutin 2000; McAdam et al. 2007) . All individuals in the study areas were marked individually at birth with uniquely numbered ear tags. Colored wires were threaded through the ear tags for visual identification. Breeding condition of all captured squirrels was assessed every 3-14 days from March through August through livetrapping.
We worked on 2 rectangular study grids (4.5 km apart) staked at 30-m intervals and marked with flagging tape. The habitat on both grids was open boreal forest dominated by white spruce (Picea glauca-Berteaux and Boutin 2000; Humphries and Boutin 2000) . One study grid acted as a control (approximately 23 ha), and on the other study grid (approximately 13 ha) individuals were supplemented with peanut butter from October through May every year since 2004 as part of a larger ongoing study. Each October individual squirrels received 1 kg of peanut butter placed in a 10.5-liter plastic bucket suspended in the trees several meters above the primary midden. Additional peanut butter was added approximately every 6 weeks until May, at which time any remaining peanut butter was removed. Prior to initiation of the food addition squirrel density on this grid was similar to the control (1.9 squirrels/ha), but density in the food-add grid increased to 4.4 squirrels/ha at the time of this study (S. Boutin, pers. obs.).
White spruce, which comprises 50-80% of red squirrel diets in this region (LaMontagne 2007) , is the only source of coniferous seed available to the squirrels (Krebs and Boonstra 2001) . Cone resources in this region were at low levels during this study; the last mast-seeding event occurred in 2005 (Fletcher et al. 2010) . Since 1989 spruce cone abundance has been estimated annually between mid-July and mid-August, prior to when squirrels begin cone harvesting. To estimate cone abundance observers stood in one position and counted the number of visible new cones on marked trees at each 30-m grid stake. The number of cones counted on each tree was than multiplied by a conversion factor to estimate the total number of cones available on each tree (LaMontagne et al. 2005 ). In addition we counted an additional 2 trees (diameter at breast height . 5 cm) at each stake. The estimate of cones per tree was then averaged over the study site. Interannual spruce cone production in this region is highly variable; average annual cone production has ranged from 0 to more than 1,200 cones produced per tree (Fletcher et al. 2010; LaMontagne and Boutin 2007) . Within a year annual cone production by individual white spruce trees is moderately synchronous between our study sites (LaMontagne and Boutin 2007). In 2008 the control site averaged 16.3 6 60.1 SD cones per tree, and the food-add site averaged 4.1 6 17.7 SD cones per tree. These values are below average for the Kluane study areas (average value of 115.1 cones per tree measured across all 6 Kluane Red Squirrel Project sites and across all years [1990 -2009 ).
Territory mapping.-The midden ownership of all individuals in the study area was determined through observation and livetrapping (Berteaux and Boutin 2000) . Territories were mapped by obtaining behavioral observations whereby individuals were located by sight or sound and followed until they disappeared from view (Larsen and Boutin 1994; Price et al. 1986 ). The location of all territorial behaviors (eating, vocalizing, and caching) was recorded by an observer. We obtained an average of 26 territorial observations per squirrel (range 5 9-58) between June and September 2008 for 71 individuals. For juveniles we obtained fewer observations (X -5 16, range 5 8-29) because they settled territories late in the year. We generated 95% minimum convex polygons using Home Range Tools for ArcGIS 9.0 (Ontario Ministry of Natural Resources, Thunder Bay, Ontario, Canada). We defined primary middens for each individual as midden sites where squirrels had cached cones in the current year.
We used data from trapping records and the spring census of the Kluane Red Squirrel Project to determine overwinter survival of individuals (see Berteaux and Boutin 2000; McAdam et al. 2007) . During this census all known middens are trapped and monitored for red squirrel activity, and owners are identified using behavioral cues such as rattle calls, barking, and frequent trapping at the midden. Squirrels no longer present in the population after 1 May 2009 were considered deceased (see McAdam et al. 2007 ). Previous work in this area has estimated the probability of recapturing or resighting squirrels, given that they are alive, to be 1.0 (Descamps et al. 2009 ).
Fall cache size.-We estimated the amount of food hoarded by individuals following the caching season in fall 2008. The primary midden of each squirrel in the study was separated into 4 quadrants by placing 2 ropes perpendicular to each other, centered on the middle of the midden. Four 0.6 3 0.6-m quadrats were then spaced equally over each quadrant. Closed spruce cones within the quadrat were counted, including all cones on the surface and to a depth of 10 cm. In addition, all cones in tunnels up to a maximum depth of 20 cm were counted. Cones produced in the current year (new) were distinguished from cones from previous years (old) based on coloration; new cones were purple-green and old cones were brown. The length and width of the middens were measured and used to estimate the area of the midden (assuming an elliptical midden shape). The number of cones found in each quadrat was averaged and multiplied by the estimated area of the midden to estimate total cache size for each squirrel. This method did not account for cones buried deep within underground tunnels in the midden and therefore likely underestimated the true total cache size; however, this method provides a good overall index of cache size.
Owner removal experiment.-We conducted an experimental manipulation of midden owners to assess the propensity of red squirrels in the study area to pilfer when the owner was absent. The experiment was conducted in September 2008, immediately following the fall caching period. Randomly selected red squirrels (n 5 44) were livetrapped following Kluane Red Squirrel Project protocols, using Tomahawk traps (Tomahawk Live Trap Co., Tomahawk, Wisconsin) and peanut butter as bait. Once trapped, the midden owner was transferred to a modified tool box, which kept squirrels safe, calm, and quiet while in captivity. The captured squirrel was moved approximately 20-30 m away from the midden for the duration of the trial. An observer sat within 5 m of the midden and monitored it for any pilfering activity. The observer recorded the identity of any pilferers, the number of intrusions, the number of food items taken, and any vocalizations and territorial behaviors observed during the intrusion. After 2 h the captive squirrel was released at the site of capture. Squirrels were considered pilferers if they were observed removing a food item from the focal midden. Squirrels not observed pilfering during any removal experiment were considered nonpilferers. This research conformed to the guidelines of the American Society of Mammalogists (Gannon et al. 2007) and was approved by the University of Alberta Animal Care and Use Committee.
Mark-recapture pin study.-We conducted a mark-recapture study to estimate the natural rates of pilfering activity by red squirrels in the study areas. We used 26-mm nickel-plated dress-making pins to mark individual spruce cones. Pins were painted with unique color combinations along the length of each pin, using Tremclad metal primer and metal paint (Rustoleum, Concord, Ontario, Canada). Pins were inserted inside the rachis of the cone, making them difficult to detect visually. Each squirrel in the study area was assigned a unique color of pin. Cones were marked during the month of September, when cone caching was nearly complete. The 2 study sites differed in the number of available spruce cones on each midden. Middens on the control site were generally larger and contained many more cones than middens on the food-add site; therefore, 100 cones per primary midden were marked in the food-add study area, and 200 cones per midden were marked in the control area. Only closed cones within 10 cm of the midden surface were marked. Only new cones were marked, unless new cones were too few, in which case old cones also were marked. In total we marked 9,900 spruce cones on 66 primary middens.
From May to June 2009 we returned to each primary midden to search for pins using Ace 250 metal detectors with a Sniper-coil attachment (Garrett, Garland, Texas). To search a midden for pins the entire midden was scanned using a metal detector, and flags were used to mark detected pin locations (detected locations). When pins were detected, the top layer of cone bracts (usually from 5 to 10 cm deep) within ,0.5 m of detected locations was scooped into a bucket. Pins were recovered from the bucket by waving the detector over a handful of bracts. Before returning the searched bracts to the midden, the midden was scanned with a detector a 2nd time. This protocol was repeated on primary middens 3 times by at least 2 separate observers. Middens within the squirrel's territory, but not the primary site of food caching, were searched in a similar fashion. To search for pins off the middens we used the metal detector to scan the ground along 80 random 2 3 30-m transect lines, covering an area of 4,800 m 2 within each of the study areas. From a pilot experiment testing the recovery of intentionally placed pins, detectors failed to detect pins approximately one-third of the time. The metal detectors were effective in recovering pins when the detector was within approximately 5 cm of the pin. The detectors were unable to detect pins below this depth, unless bracts were removed from the area.
The color and location of any pins recovered were recorded, and territory information and the pin color key were used to distinguish the midden of origin for each pin. Any foreigncolored pin found on a midden was considered a pilfering event. Pins recovered on the middens of deceased squirrels were excluded from the data because we were unable to monitor changes in midden ownership between October and March and therefore unable to distinguish if pins were stolen by the deceased squirrel or the new midden owner.
Statistical methods.-Independent t-tests in SPSS 16.0 (SPSS Inc., Chicago, Illinois) were used to examine differences in number of cones cached between the sexes and age classes and differences in age between pilfering squirrels and nonpilfering squirrels. We used Levene's test to test for homogeneity of variance in the data, and used independent t-tests that assumed unequal variances when the assumptions were not met. We used a general linear model to analyze differences in food cache size between pilfering and nonpilfering squirrels, while accounting for age, sex, and site effects. Cache size data were natural log transformed to meet assumptions of normality. We compared overwinter survival and sex differences of pilfering and nonpilfering individuals using chi-square (x 2 ) analysis. For all tests an alpha value of 0.05 was used.
To calculate pilfering rates we used a modified version of the Lincoln-Petersen index developed by Gerhardt (2005) , with a correction factor for the proportion of cones marked and the proportion of markers (pins) recovered. The estimated number of cones stolen by each squirrel was calculated using the equation: stolen cones 5 (P s )(P m P r ) 21 (C), where P s is the number of stolen markers recovered on the owner's midden, P m is the number of cones originally marked on that midden, P r is the proportion of cones marked on the midden in 2008 that were recovered in 2009 (X 6 SE 5 0.61 6 0.02, range 5 0.22-0.92), and C is the estimated number of cones cached by the midden owner in fall 2008. The percentage of cones gained by stealing was calculated by dividing the estimated number of cones stolen by the estimated total fall cache size. Pearson correlation (r) was used to determine if there was a relationship between the percentage of pins recovered and midden size or cache size.
RESULTS
Territory mapping.-In September 2008, 68 squirrels with primary middens occupied the study areas: 19 males, 13 females, and 3 juveniles on the control grid (n 5 35), and 15 males, 12 females, and 6 juveniles on the food-add grid (n 5 33). Territory sizes ranged from 166.5 to 4,086.0 m 2 and were significantly larger on the control site (1,812.3 m 2 ) than on the food-add site (1,032.2 m 2 ; t 57 5 23.92, P , 0.001). Fall cache size.-In fall of 2008 squirrels had an average of 6,938 6 773 SE total spruce cones cached in their primary middens. Squirrels had an average of 4,421 6 623 spruce cones remaining in their middens from previous years (old cones). The average number of new cones cached differed between the 2 study sites (Table 1) ; squirrels on the control site cached 84.6% more new cones than squirrels on the foodadd site. On average, squirrels on the control site also tended to have more total cones cached (new and old) than squirrels on the food-add site (Table 1) . However, total cache size was highly variable on both sites (cache size on the control site ranged from 172 to 25,905 cones, and cache size on the foodadd site ranged from 27 to 29,485 cones), so we found no statistical difference between the overall numbers of cones cached per individual between the 2 sites (Table 1) .
Adult males had an average of 54.4% more cones cached than adult females (Fig. 1) . Juvenile red squirrels that had settled a territory cached only 29.4% of the number of cones cached by adults (Fig. 1) .
Owner removal experiment.-During the 44 removal experiments we observed 31 cases (70% of trials) of intraspecific intrusions on the focal territory (23 individuals), and 74% of those intruders removed food items from the focal midden. Food items taken during the removal experiment included cached mushrooms, new cones, and old cones. On average, intruders first arrived at the focal midden after 70.8 6 5.9 SE min (range 5 4-120 min). Intruders generally behaved stealthily; they moved slowly and cautiously and never vocalized. Fifty-nine percent of intruding squirrels fed occasionally on the midden, however, usually only after stealing several food items. For squirrels that ate while stealing (16 of 27) the proportion of items pilfered that were eaten on the midden was 0.12.
Males and females were equally likely to pilfer during the experiment (x 2 1 5 0.25, P 5 0.62); 14 of 43 males and 9 of 33 females were observed pilfering. Squirrels that were observed pilfering tended to be younger than squirrels in the study area that were not observed pilfering (t 72 5 1.94, P 5 0.06); mean (6 SE) age of pilfering squirrels was 2.3 6 0.3 years, whereas mean age of squirrels that did not pilfer during the experiment was 3.0 6 0.2 years. Squirrels that pilfered during the removal experiment had an average of 4,349 6 1,375 SE cones cached, and squirrels that did not pilfer had an average of 6,962 6 856 SE cones cached. After accounting for site (control or foodadd), age, and sex, differences in the average number of cones cached were significant (F 1,69 5 4.84, P 5 0.03). Squirrels that pilfered during the experiment were significantly less likely to survive the winter than squirrels that were not observed pilfering (x 2 1 5 4.8, P 5 0.03); 47.8% of pilfering squirrels did not survive over winter compared to 22.6% of squirrels not observed pilfering.
Mark-recapture study.-We recovered 6,237 (63%) pins on 67 middens, 4,407 (67%) in the control study area and 1,830 (55%) in the food-add area. All pins that were recovered were on primary middens, despite extensive searches of the surrounding areas; thus unrecovered pins from this experiment likely remain in the middens. In one case we recovered pins on a midden that had not had cones marked the previous fall. We were able to identify the origin of all pins found on middens of living squirrels.
The percentage of pins recovered (for living squirrels) was generally consistent between middens (61.3% 6 1.9% SE). We found no significant relationship between the percentage of pins recovered and the area (m 2 ) of the midden (r 5 0.23, n 5 50, P 5 0.12), or pin recovery and the number of cones cached in the midden in fall 2008 (r 5 0.04, n 5 50, P 5 0.79); thus pin recovery was not biased by midden area or cache size.
Seven (14%) of 51 squirrels in the study areas that survived over winter engaged in pilfering behavior between October 2008 and May 2009, 2 squirrels in the control study area and 5 in the food-add area. All pilfering squirrels (including 1 individual outside the study area) were adults, and 4 were yearlings (born the previous year). Three pilfering squirrels were male, and 5 were female. The estimated mean number of cones cached by squirrels that pilfered (8,416 6 3,650 SE) and squirrels that did not pilfer (6,507 6 783) did not differ after accounting for differences in age and sex (F 1,67 5 1.56, P 5 0.22). Pilfered cones were always from adjacent middens. In the food-add study site 18% of pilfering events were from middens where the owner died at some point during the winter. In the control study area 67% of detected pilfering events were from a single unoccupied midden where the owner was deceased. The amount of cones stolen by squirrels did not differ between the 2 study sites (t 5 5 20.17, P 5 0.87). Pilfering squirrels gained an estimated average of 169 6 69 SE (range 5 19-536) cones by stealing, and this represented approximately 2.1% 6 0.5% SE of their total cache. However, cones obtained by pilfering represented only 0.3% of the total number of cones cached by squirrels in the study areas in 2008, 0.1% on the control site and 0.7% on the food-add site.
Eight (16%) squirrels that survived over winter lost cones to intraspecific pilfering, 2 in the control study area and 6 in the food-add site. Five of those squirrels were female, and 3 were male. These squirrels lost an average of 70 6 21 SE cones to FIG. 1.-Mean (6 SE) index of cones cached by individual A) adult male and female red squirrels, and B) juvenile (,1-year-old) and adult (.1-year-old) red squirrels during fall 2008, in Kluane, Yukon, Canada. P-values denote significant differences between males and females and juveniles and adults. pilfering, or approximately 2.1% 6 0.8% of their total cache. The number of cones stolen from squirrels did not differ between the study sites (X control 5 49 6 27, X food-add 5 106 6 38; t 8 5 21.19, P 5 0.27). Of the 8 juveniles that survived over winter, 2 experienced cache pilferage. All other squirrels that experienced pilfering were breeding adults.
DISCUSSION
Our experimental removal of territory owners demonstrated that red squirrels in this region pilfer from the caches of other squirrels when given the opportunity. Squirrels that pilfered during the experiment were significantly younger than squirrels that did not pilfer, supporting the hypothesis that younger, more inexperienced individuals have a greater propensity toward cache pilferage. Individuals that pilfered during the removal experiment also had less food cached for the winter than squirrels that did not pilfer and were significantly less likely to survive until spring, supporting the predictions that individuals also are more likely to pilfer when they have small or inadequate food caches for overwinter survival. A previous study in this region estimated that red squirrels need a minimum of 7,200 spruce cones cached to survive and reproduce the following spring (on a diet of 50% spruce cones-LaMontagne 2007); 19 of the 23 squirrels that were observed pilfering during owner removals had ,7,200 cones cached. Thus, this experiment suggests that squirrels that have few or no cone resources for overwinter survival have a greater propensity to attempt cache pilferage from their neighbors. We found no evidence for differences in pilfering behavior between males and females in this study; both sexes were equally likely to appear during the owner removal experiment. These results are consistent with other studies of pilfering behavior, which also found no significant differences between sexes of pilfering individuals (Gerhardt 2005; McKechnie et al. 1994) . The removal experiment allowed us to manipulate the opportunity for cache pilferage and observe the propensity for pilfering behavior within a natural population. The experimental results suggest that the propensity of individuals to pilfer is driven primarily by age and food limitation in Kluane red squirrels.
Although the removal experiment revealed that Kluane red squirrels are capable of cache pilferage when given the opportunity, our study using colored pins to mark and track a sample of cached cones revealed that actual cache pilferage was very low; 0.3% of cached cones were pilfered, and very few squirrels engaged in pilfering (14%). These low rates were unaffected by the higher density and food supplementation found on the food-add grid. We are confident that our methods did not bias our results toward underestimating pilfering rates in these populations. Squirrels had 8 full months to pilfer cones during the fall, winter, and spring, when the majority of cached cones are consumed. We recovered .60% of the marked cones, and we believe that cones that were lost were simply too far below the surface of middens for us to find them without destroying the midden. It is possible that pilfered cones were consumed off middens; however, we searched throughout each squirrel's territory and never found pins off of a midden. In addition, 152 h of 7-min focal observation of territory owners on their middens collected after our study revealed only 2 instances of pilfering (B. Dantzer and J. Shonfield, University of Guelph, pers. comm.).
The results of this study are consistent with Edelman et al. (2005) , who found very low occurrence of pilfering among Mt. Graham red squirrels. However, our rates are considerably less than the 26% rate of cache pilferage reported for the same species and using the same techniques in Vermont (Gerhardt 2005) . Gerhardt (2005) also found that a high percentage (97%) of squirrels in the population engaged in pilfering. Several differences between these populations might explain some of the discrepancy in pilfering rates. Sixty-two percent of the population studied in Vermont consisted of juveniles, compared to only 15% in our study areas. During our removal experiment we found that juveniles were more likely to pilfer than adults. In addition, the density of squirrels recorded in Vermont (9.9 squirrels/ha) is extremely high for red squirrels. Finally, red squirrels vary in their food-caching behavior throughout their range. Larder-hoarding is the most commonly reported caching tactic in western Canada (Gurnell 1984; Rusch and Reeder 1978; Smith 1968 Smith , 1981 Smith and Reichman 1984) , whereas scatter-hoarding is common in eastern Canada (Dempsey and Keppie 1993; Hurly and Robertson 1990) . Gerhardt (2005) suggested that squirrels in his study area might have scatterhoarded a large proportion of their cones, suggesting less dependence on a single central cache for overwinter survival. A shift in caching strategy from larder-hording to scatter-hoarding also would shift the focus of territorial defense from a single central midden to a larger more dispersed area of cache sites and perhaps increase the opportunity for cache pilferage from the central midden site. Thus, the combination of a young population at high density, with squirrels that might be less dependent on a single central cache, could have led to both more individuals pilfering and greater opportunities for cache pilferage in Vermont compared to red squirrels in Kluane.
The opportunity for cache pilferage in the Kluane region is likely limited by the strong territorial defense of the central midden by red squirrels, resulting in the low rates of cache pilferage we detected through the mark-recapture study. Extended periods of low abundance of food resources, high energy demands during caching, and limited alternative resources during winter make the larder cache of spruce cones a valuable commodity for red squirrels that should be defended strongly against intruders. Red squirrels in Kluane require a cache of spruce cones to survive the approximately 8 months of winter food shortage (LaMontagne 2007; Smith 1968; Steele 1998) . During our study only squirrels that occupied middens in fall 2008 survived to the following spring. Harvesting new cones during the fall is the most energetically demanding period for red squirrels, requiring approximately 3 times their resting metabolic rate (Hammond and Diamond 1997 ; Q. Fletcher and M. Humphries, McGill University, pers. comm.). In years of low food this activity can become even more energetically expensive because squirrels have to visit more trees with fewer cones per tree (LaMontagne 2007). Clipping and caching cones requires similar levels of energy expenditure as lactation (Q. Fletcher and M. Humphries, McGill University, pers. comm.) and therefore represents a substantial energetic investment, which should be strongly defended. In Kluane high territorial defense of the central midden likely excludes most pilfering activity, making the opportunity for cache pilferage rare.
To our knowledge this is the 1st study to document substantial differences in intraspecific pilfering rates. We have suggested that age structure and food availability can be important drivers of pilfering rates in a population of foodhoarding mammals, and higher pilferage rates could be expected as a decreasing function of territorial defense. Theories on the evolution of hoarding generally support this assumption (Andersson and Krebs 1978) ; individuals that are better able to defend their cache are expected to be more territorial and larder-hoard, and individuals that are unable to defend their cache from intruders tend to scatter-hoard and do not defend a central place (Andersson and Krebs 1978; Dally et al. 2006; Vander Wall 1990; Vander Wall and Jenkins 2003) . Our temporary removal experiments were designed to determine characteristics of individual squirrels that were more likely to pilfer, but they also revealed that pilfering rates appear much higher when the territory owner is absent, indicating that the strong territorial defense shown by squirrels at Kluane greatly reduces pilfering. Future studies could quantify the relationship between the energetic investment in the food cache, territorial defense, and pilfering rates within a species.
